Background: Gastroesophageal reflux disease (GERD) is one of the most common gastrointestinal pathology in infants and young children. Ultrasonography (US) has been considered to be a reliable diagnostic tool for GERD but the severity of GERD and the clinical implications based on imaging findings has not been evaluated. Aims: To compare the diagnostic value of lower esophageal US with that of barium swallow in demonstrating the severity of GERD. Materials and methods: Fifty one pediatric patients, age between 1 month to 12 years, 34 male and 17 female with clinical suspicion of GERD were included. The patients were initially submitted to barium swallow (BS) and subsequently to transabdominal US. During BS, the number of gastroesophageal reflux episodes was documented in a 5-minute period. Transabdominal US documented the number and duration of reflux episodes during a 5-minute period, the angle of His, mucosal thickness, and intraabdominal esophageal length (IAEL). Results: Duration and number of reflux episodes in US were significantly higher in patients that had severe gastroesophageal refluxes at BS. At US the cutoff point of 9.5 seconds (sensitivity 80%, specificity 60%) for reflux duration and more than 2 episodes in 5 minute ultrasound study (sensitivity 75%, specificity 58%) were defined to correlate with severe gastroesophageal reflux at BS.The angle of His, the esophageal wall mucosal thickness, and the IAEL did not correlate with the severity of GERD detected in BS. Conclusion: US can predict the severity of GERD. Therefore, except in the case of specific patients in whom mechanical causes are suspected to be responsible for GERD, BS can be replaced by US.
Introduction
Gastroesophageal reflux disease (GERD) is the most common esophageal disorder in infant and children causing intermittent regurgitation or vomiting [1] . Although it is a physiological event in most adults and children, it becomes pathological when the intensity and/or frequency are increased [2] . In this context, early diagnosis and treatment is important to prevent potentially serious complications, such as severe esophagitis, esophageal stenosis, and aspiration syndrome [3] . Nevertheless, one of the difficulties of GERD management in children is the process of its diagnosis [4] . Upper gastrointestinal contrast series, esophageal pH monitoring, nuclear scintigraphy, and esophageal manometry are the most commonly used diagnostic techniques for the diagnosis of GERD in children [5] .
Although the monitoring of pH, manomety, and gastroesophageal junction scintigraphy are sensitive and with high diagnostic value techniques, the morphological aspects cannot be assessed by these methods. Additionally, the methods are invasive and are not always available [6, 7] .
Upper gastrointestinal series of barium swallow (BS) has been the preferred method for visualizing clinically suspected GERD [2] . Despite several advantages as having a key role in the detection of structural anomalies (e.g. hiatus hernia, malrotation) [8] along with the valuable experiences that practitioners have acquired through the years since the 1980s, ultrasonography (US) has been used as an alternative to BS in the diagnosis of GERD [9] . Esophageal US has been described as a noninvasive, readily available, repeatable, cheap, and fast technique that could be commonly used in the diagnosis and follow-up of young children with GERD [10] [11] [12] [13] [14] [15] . Comparative studies of transabdominal US and BS demonstrated that US presents a higher sensitivity in the diagnosis of GERD [16, 17] . Additionally, US proved to be more effective in the evaluation of the intraabdominal esophagus with a reduction of the exposure to ionizing radiation for these patients [18, 19] . However, the determination of GERD degree which can be performed specifically with BS, has not appeared to be reachable for US in many studies [20, 21] .
The aim of this study was to investigate the correlation between the US measurement of the angle of His, mucosal thickness of the esophagus, the length of intraabdominal esophagus, and the frequency and duration of reflux episodes with the severity of reflux episodes detected on BS.
Material and methods
Informed consent was obtained for every patient from their parents/guardians and the research protocol was approved by our Institute's Ethics Committee.
This cross sectional study was performed on pediatric patients (1 month to 12 years of age) referred to Mofid Children's Hospital in order to undergo BS and meal with clinical suspicion of GERD. Patients with radiographic findings or history of disease causing anatomical or functional alteration of the esophagus and/or stomach (i.e. fistulas, surgical interventions, or hiatal hernia), and those with medical conditions predisposing GERD (cerebral palsy, metabolic diseases, etc) were excluded from the study.
A total number of 51 children including 34 males and 17 females were studied.
The clinical history of 50 patients and their weights were recorded at the time of admission. In one child the clinical history and weight was not properly recorded.
All patients underwent barium study by drinking 50-250 ml dilute barium suspension 25% w/w according to the patient' age. The patients were observed during a 5 minute period using intermittent fluoroscopic radiography of the gastroesophageal junction. Patients' position during this observation was supine and/or right side down decubitus. The total number of gastroesophageal reflux episodes and the amplitude of the reflux were recorded by staff radiologist with 6 years experience in pediatric radiology. The reflux episodes were graded based on the height to which it ascended into esophagus in mild (ascending to distal one third), moderate (middle one third), and severe (upper one third of esophagus) (fig 1) .
Subsequently patients underwent transabdominal esophageal US. The children were supplementary fed by their parents with additional fluid or milk in order to fill the stomach. The mean time interval between BS and US was 20 minutes and the parents were asked to make sure that the small kids had burped before the procedure. US was performed using curved 3.5 MHz and/ or linear 7.5 MHz transducers, Medison Accuvix XQ machine, South Korea. The patient position was supine and/or right side down decubitus. Visualization of the abdominal esophagus was achieved in longitudinal section by placing the transducer in the midline line, below the xiphisternum, with cephalic angulation, tilted to the right, and slightly rotated counter-clockwise relative to the sagittal plane. Liver was maintained as an acoustic window (fig 2a) .
The intraabdominal esophagus length (IAEL), mucosal thickness, and the angle of His were measured and documented. IAEL was measured from the point in which it penetrated the diaphragm to the base of the triangular pad of gastric folds (considered the point of entrance of the esophagus into the stomach) at the anterior surface of the fundus of the stomach (fig 2b) . Mucosal thickness was measured by placing the clipper between the inner echogenic line (inner face of the echogenic mucosal layer) and the outer hypoechoic line of the muscularis propria. This thickness included echogenic superficial mucosa, hypoechoic deep mucosa, and echogenic submucosa (fig 3) .
The angle of His was measured between the posterior esophageal wall and the anterior fundal wall (fig 4) .
The number and the duration of the reflux episodes (backward movement of ingested fluid up into esophagus) were documented during a 5-minute period examination. The fluid was visualized as an hypoechoic flow through distal esophagus, as a stream of fluid with debris due to mixing water, milk, and barium, or as an echogenic fluid (a mixed of fluid with hyperechoic bubbles of ingested air) .
Statistical analysis
The data were analyzed with Chi square, Fisher's exact test, Independent t-Test, ROC Curve and ANOVA using SPSS software version 13. The level of significance was set at p value of less than 0.05.
Results
A total of 51 cases of pediatric patients, with the mean age of 29.7 months (age range 1 to 144 months), mean weight of 11.14 kg, and a female to male ratio of 1:2 were enrolled in the study. The correlation of age, weight, and sex with the severity of reflux in BS is illustrated in table I. The signs and symptoms at presentation and their correlation with the severity of reflux in BS are detailed in table II.
Regarding to the US findings, the duration and the frequency of reflux episodes significantly correlated with the severity of refluxes graded by BS (p=0.037and p=0.007 respectively, table III). We appreciated that the high grade gastroesophageal reflux (visualized by BS) is characterized in 5-minutes US study by a cutoff of 9.5 seconds for reflux duration (sensitivity= 80%, specificity= 60%) and more than 2 episodes of reflux (sensitivity= 75%, specificity= 58%). To and fro movements of refluxed material detected by US and their occurrence was also associated with sever reflux in BS (p=0.014).
The angle of His, the esophageal wall mucosal thickness, and the IAEL did not correlate with the severity of GERD detected in barium study.
Discussions
Symptoms and signs associated with GERD are nonspecific, hence a clinical diagnosis of GERD cannot be used in infants and children who cannot reliably express the quality and quantity of their symptoms [22] . As a result, diagnostic tests are needed to document the presence of GERD, to detect the complications, to establish a causal relationship between severity of GERD and symptoms, to evaluate the therapy, and to exclude other conditions [23] .
Several methods are available for the evaluation and diagnosis of GERD in children [12, 24, 25] .
The gold standard for diagnosis is 24-hour ambulatory pH-metry and manometry but these modalities are not available in many clinics or medical centers and pH probes are expensive as well. The BS, the oldest diagnostic method used in this category, can evaluate the mu- cosal alterations and the anatomical abnormalities [22] ; additionally, it can provide a good representation for classifying the severity of reflux [26, 27] .
However, the effective dose of a barium meal study is 2.6 mSv, i.e. the radiation dose equals the dose of 130 chest radiographs [28] ; as a result, in order to reduce the exposure to ionizing radiation in pediatric patients, other diagnostic methods are being investigated to replace BS in determining the severity of GERD.
In the study conducted by Macharia et al, no association was found between the height of the esophageal reflux determined by BS, as an indicator of reflux severity, and the number of reflux episodes in the pH/impedance tests [27] . Neither Al-Khawari et al found correlations between the severity of reflux in BS and the results of 24-h esophageal pH monitoring [26] .
In our study we compared the results of transabdominal US and BS in view of the severity of reflux. We found that the duration of reflux episodes in US were significantly correlated with the severity of reflux detected in BS and we established a cutoff point of 9.5 seconds for severe reflux. The frequency of reflux episodes in US was also related with the reflux severity: more than 2 episodes of reflux in US had significance of severe reflux in BS. Sakate et al did not find a correlation between the frequency of reflux episodes in US and the frequency of episodes in BS [19] but they did not compare the frequency of episodes in US with the height of the reflux column in BS.
Intraabdominal esophagus is one of the main elements of the gastroesophageal junction, and its length constitutes an important diagnostic indicator in children with GERD. In spite of its difficulty, the measurement of the abdominal esophagus length can be achieved by US, and a shortening of as little as 2 mm can be detected [29, 30] .
Nemati et al found that the mean length of the subdiaphragmatic esophagus in the patients with GERD was significantly shorter than controls; moreover, children with severe reflux had a shorter esophagus [31] . Other studies confirmed their findings [12, 32, 33] . In our study, although the IAEL did not significantly correlate with the severity of reflux in BS, we found that the IAEL was shorter in normal comparing with mild and moderate BS.
Changchien et al [34] measured the gastroesophageal junction' wall thicknesses in adults and found the wall to be thicker in the reflux esophagitis group compared with normal subjects. They related this thickening to the severe inflammation of the reflux esophagitis. In a study of Mine et al [35] , the submucosal healing during lansoprazole treatment for GERD disease was evaluated by US. The authors found that the wall thickness had decreased significantly in the gastroesophageal junction region. In the current literature we found no study that measured the mucosal thickness of the esophageal wall in gastroesophageal junction in children using US. Even though not correlated significantly with the severity of reflux in BS, our results could be used in the future studies. In a study undertaken by Westra et al [33] , the gastroesophageal junctions of 30 young children proven to have GERD were examined with US. The authors described a rounded gastroesophageal angle associated with significant GERD. In accordance with the study by Halkiewicz et al [32] we also found an obtuse angle of His in children with GERD, but its degree was not significantly correlated with the severity of reflux in barium study.
Our study has some limitations. Firstly, the gold standard for evaluation of GERD and for correlation with clinical findings is considered to be pH monitoring, which was not used in our study. Secondly, the small number of cases of the study did not permit us to make comparisons between different groups of ages. Thirdly, we did not follow up the patients and so the comparison between the severity of the GERD and evolution could not be done.
In conclusion, although GERD is a clinical diagnosis there is not a noninvasive test available to confirm the diagnosis in doubtful cases. We emphasize that, TAEUS as a noninvasive and simple diagnostic method can be used with high diagnostic value in determining which pattern of reflux may need more clinical attention in patients with suspicion of GERD.
